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@ There is disclosed a magnetic head for use in a magnetic recording/reproducing device. The magnetic head 
includes a core material which Is formed by alternately laminating Fe-Ta-N or Fe-Ta-B-N soft magnetic films and 
insulative films, the core material constituting a magnetic circuit The soft magnetic film is produced by a 
sputtering process of the type- in which a target and a substrate are disposed in parallel opposed relationship to 
each other, and the soft magnetic film has a specified composition, a specified structure and a specified 
thickness. A heat treatment during a magnetic head production process is carried out in a non-magnetic field 
which is available simply and easily, and the magnetic head exhibits excellent recording/reproducing characteris- 
tics even with respect to a high coercivity media 
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BACKGROUND OF THE INVENTION 
Reld of the Invention 

6 This invention relates to a magnetic head for use in a magnetic recording/reproducing device such as a 
magnetic picture-recording/reproducing device (video tape recorder), a magnetic sound 
recording/reproducing device and a magnetic recording device for a computer. 

Prior Art 

10 

Recently, in order to meet a demand for a high-density recording in the magnetic recording field, the 
development of high-performance magnetic heads suited for a high coercivity media has now been made. 
In order to achieve a high-density recording, it has now become necessary to produce a magnetic head 
with a high saturation flux density and a high permeability by making a track width and a gap length of the 

75 magnetic head as narrow as possible. 

To meet such a demand, when the track width is formed by cutting a bulk member or a ribbon of a thin 
strip, the nan-ower the track width is. the more difficult the fonmation of the magnetic head is. Therefore, 
there has been provided the type of magnetic head with a narrow track width, which is produced by forming 
soft magnetic films on a substrate by a sputtering process or a vapor deposition process. One example of 

20 such magnetic heads so far developed is a ring-type laminated head in which a core material, which is 
formed by alternately laminating Sendust alloy insulator films, or Co-based amorphous alloy films, and 
insulator films in the track width direction, is held between non-magnetic substrates, and a magnetic circuit 
is constituted by this core material. Another example is a magnetic head (called "MIG head") in which the 
major part of a magnetic circuit is formed with ferrite, and soft magnetic films are provided only at those 

25 portions which are disposed near a magnetic gap and are liable to be magnetically saturated. As compared 
with the MIG head, advantageously, the above laminated-type head is not influenced by a false output, and 
produces low sliding noises at a high frequency, and a high reproducing efficiency can be obtained at a 
high-frequency band. 

The characteristics of a magnetic head are closely related to the properties of materials of a core 
30 materia! used therein. In order to achieve a high-density recording, the core material of the magnetic head 
is required to have a high saturation flux density (which mainly influences the recording characteristics) and 
a high permeability (which mainly influences the reproducing characteristics). 

To meet such requirements, the core material of the above laminated-type head needs to have an 
isotropic high pemneability, and at present, Sendust alloy (Fe-AI-Si system alloy) film and Co-based 
35 amorphous alloy film have now been in practical use. 

However, the saturation flux density of the Sendust alloy film and the Co-based amorphous alloy film is 
as low as approximately 1 T, and the saturation flux density of these conventional materials is too limitative 
to achieve the high-density recording. 

Under the above circumstances, the development and research of soft magnetic films having a high 
40 saturation flux densrty and a high permeability have been extensively made. One example of that is a Fe-N 
film. However, it Is known that the Fe-N film is abruptly deteriorated in soft magnetic properties by a heat 
treatment at temperatures of above 350 "C, and has a problem with respect to a thermal stability of the soft 
magnetic properties. Therefore, in an attempt to improve the thermal stability of the Fe-N film, the study of 
a Fe-M-N film (M is at least one element selected from the group consisting of Zr, Hf, Ti, Nb, Ta, V, Mo and 
45 W) has been made (see JP-A-2-275605). 

The Fe-Zr-N system soft magnetic film, described in detail in the above JP-A-2-275605. is a thin film in 
which an in-plane uniaxial anisotropy is induced by a heat treatment in a magnetic field. This film Is suitable 
as a soft magnetic film for the above MIG head or the like, as disclosed, for example, in JP-A-1-300412, but 
is not suitable for the above ring-type laminated head which is required to have an isotropic high 
50 permeability. 

JP-A-3-1 48806 discloses the following soft magnetic film having a high saturation flux density and a 
high thermal stability: 

"A high thermal-resistant magnetic thin film composed of a Co-B-M or a F -B-M system alloy thin film 
where M is at least one element selected from the group consisting of Tl, V, Zr. Hf, Nb, Ta, Cr. Mo and W. 
65 at least a part of the film being crystallized." 

However, the soft magnetic thin film described in the above JP-A-3-1 48806 is produced by an ion beam 
sputtering process in which a target and a substrate are not disposed parallel to each other, and therefore 
atoms, ejected from the target to be incident obliquely on the substrate, deposit on the substrate, so that an 
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anisotropy .develops in the permeability characteristics of the produced film because of a self-shadowing 
effect. In addition, with respect to this magnetic thin film, an in-plane uniaxial anisotropy is induced by a 
heat treatment in a magnetic field, and as described above, this film is suitable as a soft magnetic film for 
the MIG head, but is not suitable for the ring-type laminated head. 

s On the other hand, as an improved material of a Co-based amorphous alloy which is improved in 
themnal stability of soft magnetic properties and saturation flux density, there has been developed Co-Nb- 
Zr/Co-Nb-Zr-N compositionaliy-modulated nitride film, and a laminated-type head using this improved 
material has been produced (Journal of The Magnetics Society of Japan, Vol. 14. No. 2). 

However, even in this Co-Nb-Zr/Co-Nb-Zr-N compositionaliy-modulated nitride film, the saturation flux 

10 density is approximately 1.3 T at highest, and in order to obtain sufficient recording characteristics for a 
higher coercivity media, there has now been a demand for a core material having a higher saturation flux 
density. Furthermore, this Co-Nb-Zr/Co-Nb-Zr-N compositionaliy-modulated nitride film can not obtain a 
high permeability by a heat treatment in a non-magnetic field as is the case with Sendust and a Co-based 
amorphous alloy, and when this nitride film is used as a core material for the above laminated-type head, a 

15 heat treatment in a rotating magnetic field is needed because the core material is required to have isotropic 
high permeability properties, and this poses a problem that a heat treatment apparatus of a a complicated 
construction is needed. 

When a soft magnetic film is to be formed on a substrate by sputtering or vapor deposition, an intemal 
stress develops in the soft magnetic film because of the difference in thermal expansion coefficient between 
20 the soft magnetic film and the substrate, so that a strain develops therein due to a reverse magnetostriction 
effect. When this is used in a magnetic head, there is encountered a problem that output characteristics of 
the magnetic head is degraded. In addition, the internal stress of the soft magnetic film which is produced 
for the above reason makes difficult the bonding between the substrates, a glass molding, a gap formation, 
and so on in subsequent steps of the magnetic head production process. 

25 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide a magnetic head which exhibits excellent recording 
characteristics for a high coercivity media, and has low sliding noises at high frequencies, and has a high 

30 reproducing efficiency at a high-fi^equency band, thereby enabling a high-density recording. 

To achieve tiie above object, according to the present invention, there is provided a laminated-type 
magnetic head comprising a magnetic head member which includes Fe-Ta-N system or Fe-ta-B-N system 
soft magnetic films formed on a substrate by a sputtering method of the type in which a target and the 
substrate are disposed in parallel opposed relationship to each other, the soft magnetic film having a 

35 specified composition, a specified structure and a specified thickness, said substrate having a specified 
thenmal expansion coefficient, and a heat treatment during a magnetic head production process being 
canied out in a non-magnetic field. 

A core material, formed by an altemately laminating soft magnetic films (1 to 10 u-m tiiick) and insulator 
films of SiOa. AI2O3 or ttie like (0.05 to 0.5 nm thick) constitutes a magnetic circuit. The soft magnetic film 

40 is eitiier a Fe-Ta-N system soft magnetic film containing Fe as a main component, 5 to 17 atomic % N and 
7 to 15 atomic % Ta, or a Fe-Ta-B-N system soft magnetic film containing Fe as a main component, 6 to 
15 atomic % N, 7 to 15 atomic % Ta and 0.5 to 13 atomic % B (boron). The soft magnetic film is produced 
by a sputtering metiiod in which a target and a substrate are disposed in parallel opposed relationship to 
each other. A heat fi-eatment during a magnetic head production process is canied out in a non-magnetic 

45 field. The substrate on which the soft magnetic films are formed is either magnetic or non-magnetic, and 
has a thermal expansion coefficient of from 110 x lO'^/'C to 135 x IQ-^/'C. When it is desired to reduce 
sliding noises, tiie non-magnetic substrate is used. When it is desired to Increase a head output, the 
magnetic substrate (fen^ite) is used. 

The Fe-Ta-N system or Fe-Ta-B-N system soft magnetic film is composed of a material having a fine 

50 structure in which a fine crystal of a-Fe as well as fine particles of tantalum nitiide or fine particles of 
tantalum boride ar mixed together, the fine crystal of a-Fe being one in which at least one element or a 
compound selected from tiie group consisting of Ta. N (niti-ogen), B (boron), tantalum nitride and tantalum 
boride is solutionized and thereby the crystal lattice of o-Fe being expanded. TTie average particle size of 
the fine crystal of a-Fe is not more tiian 10 nm. and tfie average particle size of the fine particles of 

55 tantalum nitride or the fine particles of tantalum tx)ride is not more than 5 nm. 

The magnetic head of the present invention employs the soft magnetic films which exhibit a high 
saturation flux density and an isotropic high permeability of a low magnetostriction in the heat treatment in 
the non-magnetic field, and therefor tiie magnetic head achieves excellent recording characteristics with 
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respect to a high coercivity media, and produces low sliding noises at high frequency, and achieves a high 
reproducing efficiency at a high-frequency band. 

Particularly when the Fe-Ta-N system or Fe-Ta-B-N system soft magnetic films have the above- 
mentioned structure, excellent magnetic head characteristics can be achieved. 

5 Since the soft magnetic films are formed on the substrate having a thermal expansion coefficient of 
from 110 X 10~^/'C to 135 x 10"^y"C, the internal stress of the soft magnetic film is small, and the 
deterioration of magnetic properties due to a reverse magneto-striction effect during the magnetic head 
production process is less, and this facilitates the bonding between the substrates, the glass molding, the 
formation of a gap. and so on. 

70 Further, since the magnetic head can be produced by the heat treatment in the non-magnetic field 
which is available simply and easily, a heat treatment furnace of a complicated constmction for effecting a 
heat treatment in a magnetic field is not needed, and the mass production of the magnetic head can be 
achieved. 

Further, as compared with the Fe-Ta-N system soft magnetic film, the Fe-Ta-B-N system soft magnetic 
IS film can achieve good soft magnetic properties (high saturation flux density and small magnetostriction) at 
higher heat treatment temperatures. The magnetic head, in which the magnetic circuit Is constituted by the 
core material formed by alternately laminating the Fe-Ta-B-N system soft magnetic films and the insulator 
films, enables the glass bonding at higher heat treatment temperatures than the magnetic head using the 
Fe-Ta-N system soft magnetic films in the core material. Therefore, glass which is required to undergo a 
20 high-temperature heat treatment and provides a sufficient strength and an excellent wear resistance can be 
used, which enhances the reliability of the magnetic head. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 Fig. 1 is a graph showing an in-plane magnetic anisotropy field Hk of a soft magnetic film prepared 
according to the present invention; 

Rg. 2 is a graph showing the relationship between a film thickness and a coercivity He of the soft 
magnetic films prepared according to the present invention; 

Rg. 3 is a graph showing the relationship between a film thickness of the soft magnetic films and a real 
30 part of a complex permeability u' thereof at various frequencies; 

Rg. 4 is an X-ray diffraction diagram of a Fe-Ta-N soft magnetic film ; 

Rg. 5 is a graph showing the relationship between an interna) stress a of a soft magnetic film and a 
thermal expansion coefficient of a substrate; 

Rg. 6 is a graph showing the relationship between a coercivity He of soft magnetic films and a heat 
35 treatment temperature; 

Rg. 7 is a graph showing the relationship between a saturation flux density Bs of the soft magnetic films 
and the heat treatment temperature; 

Rg. 8 is a graph showing the relationship between a saturation magnetostriction Xs of the soft magnetic 
films and the heat tireatment temperature; 
40 Rg. 9 is an X-ray diffraction diagram of Fe-Ta-N soft magnetic films relative to the heat treatinent 
temperature; 

Rg. 10 is an X-ray diffraction diagram of Fe-Ta-B-N soft magnetic films relative to the heat treatment 
temperature; 

Rg. It is a graph showing a phase change of soft magnetic films relative to the boron content of the film 
45 and the heat treatment temperature; 

Rg. 12 is a schematic view of a laminated-type head prepared according to tiie present invention; 

Rg. 13 is a graph showing the relationship between an output of a laminated-type head and a frequency 

at a relative speed of 7 m/sec; 

Rg. 14 is a graph showing the relatloriship between an output of a laminated-type head and a frequency 
60 at a relative speed of 21 m/sec; 

Rg. 15A is a schematic view of an RF diode sputtering apparatus; 
Rg. 15B is a schematic view of facing target sputtering apparatus; and 
Rg. 150 is a schematic view of an ion t>eam sputtering apparatus. 

65 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Example 1 
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Using an RF diode sputtering method (in which a target and a substrate are adapted to be disposed in 
parallel opposed relationship to each other), nitrogen gas was introduced into argon (Ar) gas in which a of 
Fe-Ta alloy (87 atomic % Fe; 13 atomic % Ta) target was placed, so that a Fe-Ta-N system soft magnetic 
film was formed on a water-cooled non-magnetic Ti-Mg-Ni-0 (oxygen) ceramics substrate having a thermal 

5 expansion coefficient of 115 x 10-^/*C. In this manner, a plurality of Fe-Ta-N system soft magnetic films 
whose thickness was in the range of 0.2 to 15 urn were formed. Then, the thus-formed soft magnetic film 
was subjected to a heat treatment for one hour at a temperature of 550^0 in vacuum in a non-magnetic 
field. The coercivity He of these films, as well as the real part of their complex permeability u' at vanous 
frequencies, was measured. As a result, the coercivity He and permeability u' of all of these films were 

10 isotropic in the plane of the film. An RBS (Rutherford back scattering) analysis of the composition of the 
thus formed Fe-Ta-N films indicated that the film was composed of 76.5 atomic % Fe, 10.5 atomic % Ta 
and 13 atomic % N (nitrogen) (which will be hereinafter referred to as Fe76.5Ta10.5N1 3). The saturation flux 
density of these films was about 1.6 T. and the saturation magneto-striction thereof was not more than 1 x 
10"^ in tenms of an absolute value. 

76 As one example, the result of measurement of the in-plane magnetic anisotropy field Hk of the film 
having a thickness of 2 um is shown in Rg. 1. From Rg. 1. it will be appreciated that Hk shows a small 
value of 40 to 50 A/m. which indicates that it is isotropic in the plane of the film. 

Fig. 2 shows the relation between the coercivity He and the film thickness. From Rg. 2, it will be 
appreciated that the films having a thickness of not less than 1.5 urn exhibit a low coercivity of not more 

20 than 8 A/m, and hence have excellent soft magnetic properties. The coercivity He abruptly increases in the 
film thickness range lower than about 1.5 urn. Fig. 3 shows the relationship between the permeability and 
the film thickness. The permeability u' at 1 MHz indicates the maximum value in the film thickness range of 
1.5 to 3 um. and abruptly decreases in the film thickness range lower than about 1.5 um, and tends to 
decrease gently in the film thickness range higher than about 1.5 um. As the frequency increases, the 

25 degree of decrease of the permeability ii' tends to increase in the film thickness range not less than 1.5 
um. When the film thickness is less than 1 um, the permeability at a high frequency band of not less 
than 1 MHz represents a low value of not more than 1000. Also, when the film thickness is not less than 10 
um, the permeability u' at a high frequency band of not less than 5 MHz represents a low value of not 
more than 1000. Therefore, the film having such a thickness Is not suitable for a core material used in a 

30 video tape recorder or the like. Therefore, when the thickness of the soft magnetic film constituting each 
layer of the core material for a laminated-type head used for a video tape recorder or the like was in the 
range of 1 to 10 um, an excellent head output was obtained. 

In this Example, although the Fe-Ta-N system soft magnetic films each composed of 76.5 atomic % Fe, 
10.5 atomic % Ta and 13 atomic % N (nitrogen) has been described, similar effects were achieved with Fe- 

35 Ta-N system soft magnetic films each composed of Fe (main component), 5 to 17 atomic % N and 7 to 15 
atomic % Ta. When the nitrogen content was 5 atomic % or less, the tantalum content was 7 atomic % or 
less, and the Fe content was 88 atomic % or more, good soft magnetic properties were not obtained in any 
film thickness. Also, when the nitrogen content was 17 atomic % or more, the tantalum content was 15 
atomic % or more, and the Iron content was 68 atomic % or less, the saturation flux density was reduced to 

40 1 T or less because of the reduction of the iron content of the film. 

Example 2 

Using an RF diode sputtering process, nitrogen gas was introduced into Ar gas in which a Fe-Ta target 
46 (87 atomic % Fe; 13 atomic % Ta) was placed, so tiiat a soft magnetic film having a thickness of 2 um was 
formed by reactive sputtering on a non-magnetic ceramics subsfrate (having a thermal expansion coefficient 
of 115 x 10-^/'C) in a nitrogen partial pressure/total pressure ratio (Pr^/Ptotai) range of 0 to 10%. Then, a 
heat treatment was carried out for one hour at a temperature of 500' C in vacuum in a non-magnetic field, 
thereby preparing magnetic head members. TTie coercivity He. the effective permeability Uetf at 1 MHz. and 
50 the saturation flux density Bs of these magnetic head members were measured, and results tiiereof are 
shown in Table 1 . 
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Table 1 



PM2/Ptotal{%) 


He (A/m) 


ileff at 1 MHz 


Bs(T) 


0 


1440 


50 


1.49 


1.7 


167 


500 


1.53 


2.5 


8 


10000 


1.60 


10 


5.5 


100 


1.21 



From Table 1, it will be appreciated that when the film was formed in the nitrogen partial pressure/total 
pressure ratio of 2.5%. good soft magnetic properties (low coercivity and high permeability) and a high 
saturation flux density are achieved. The composition of this film was Feye.sTaio^Nia (atomic %). 

Rg. 4 shows an X-ray diffraction diagram of the above soft magnetic films formed in the nitrogen partial 
pressure/total pressure ratio range of zero to 10%. In Fig. 4, signs O denote the diffraction peak of a-Fe, 
and signs A denote the diffraction peak of TaN. In Fig. 4. the film formed in the nitrogen partial 
pressure/total pressure ratio of zero% is a crystalline phase resulting from the grain growth. With respect to 
the film formed in the nitrogen partial pressure/total pressure ratio of 1.7%. the diffraction peak other than 
that of the fine crystal of a-Fe is also observed, and thus this film has an uneven crystalline grain structure. 
With respect to the film formed in the nitrogen partial pressure/total pressure ratio of 10%. the diffraction 
peak of TaN is observed, and the diffraction peak other than that of the fine crystal of a-Fe is also observed, 
and thus this film has an uneven crystalline grain stmcture. As will be appreciated, the film, which was 
fonned in the nitrogen partial pressure/total pressure ratio of 2.5% and exhibits good soft magnetic 
properties and a high saturation flux density, is a composite material composed of a fine structure in which 
a fine crystal of a-Fe and fine particles of the tantalum nitride (TaN) are mixed together. 

With respect to the soft magnetic film which was the composite material composed of the fine structure 
in which the fine crystal of a-Fe and the fine particles of the tantalum nitride (TaN) were mixed together, 
particularly when the fine crystal of a-Fe was one in which Ta, N (nitrogen), or the tantalum nitride is 
solutionized. and had an expanded lattice of Fe ((110) plane spacing at this time was 0.20355 nm. (110) 
plane spacing of a-Fe was 0.20268 nm), this film exhibited good soft magnetic properties. 

Next, the fine structure of the soft magnetic film (Fe765Ta,o.5Ni3) (which is a composite material 
composed of the fine structure in which a fine crystal of a-Fe and fine particles of tantalum nitride are mixed 
together, and exhibits good soft magnetic properties (He is 8 A/m, and Uen at 1 MHz is 10000) and a high 
saturation flux density Bs of 1 .6 T) was observed by a transmitting electron microscope (TEM). The heat 
treatment was effected for one hour at a temperature of 550' C in vacuum in a non-magnetic field. 

As a result of inspecting the electron diffraction image by the TEM. the diffraction lines of a-Fe and the 
diffraction lines of TaN were observed. It was found from dark field images taken from the (110) diffraction 
lines of a-Fe and the (111) diffraction lines of TaN that the average particle size of the fine crystal of o-Fe 
was about 5 nm, and that the average particle size of the TaN fine particles was about 2 nm. As a result of 
similar TEM observation, excellent soft magnetic properties were achieved when the avei^age particle size of 
""^ the fine crystal of a-Fe was not more than 10 nm. and the average particle size of the fine particles of the 
tantalum nitride was not more than 5 nm. A ring-type laminated head, using Fe-Ta-N system soft magnetic 
films of this stnjcture as a core material and required to have isotropic high permeability (in which the Fe- 
Ta-N system soft magnetic films (3 um thick) and insulator films (0.2 urn thick) of SiOa were alternately 
laminated, a track width was 10 um. a gap length was 0.23 um, and a gap depth was 20 um) exhibited self- 
^ recording/reproducing characteristics about 4 dB higher at 1 MHz than those of a Co-based amorphous 
laminate-type head and a Sendust laminate-type head. 

Example 3 

Non-magnetic substrates different in thenmal expansion coefficient in the range of 100 x lO"^/* C to 165 
X 10-^/' C were pr pared, and a 2 um-thick soft magnetic film (Fe76.5Ta10.6N13) (which was a composite 
material composed of a fine structure in which a fine crystal of o-Fe and fine particles f tantalum nitride 
were mix d together) was formed on a surface of each substrate. The film was formed according to the 
same procedure as described in Example 1. A heat treatment was carried out for one hour at a temperature 
^ of 550 in vacuum in a non-magnetic field. The amount of deflection of the heat-treated suljstrate having 
the film was measured, and the internal stress of the film, calculated by the use of the following formula (1). 
was plotted with respect to the thermal xpansion coefficient of the substrate between a room temperature 
and 550 'C. and this is indicated In a solid line in Fig. 5. 
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o = 



31^(1 - Vg)d 



... (1) 



where <t denotes the internal stress of the film, Es Young's modulus of the substrate, fS Poisson's ratio 
of the substrate, D the thickness of the substrate, dlhe thickness of the film. I the length of the film, and B 
the amount of deflection of the substrate with theTilm. Also, the relationship between the thermal stress of 
10 the film, calculated from the following fonmula (2), and the thermal expansion coefficient of the substrate 
between the room temperature and 550 *C is indicated in a broken line In Fig. 5. 



15 
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1 - 



... (2) 



where othe denotes the thermal stress of the film, Et Young's modulus of the film. Ft Poisson's ratio of 
20 the film, aTlhe thermal expansion coefficient of the film, og the thermal expansion coefficient of the 
substrate,"ti a raised temperature (there, 550 "C) of the system consisting of the film and the substrate, 
and To theTbom temperature. As can be seen from Rg. 5, the solid line and the broken line well coincide 
with each other, and therefore it will be appreciated that the internal stress of the film is attributable to the 
thermal stress. When the thermal expansion coefficient of the substrate is in the range of 110 - 135 x 
25 10"^/* C, the absolute value of the internal stress of the film is a small value of not more than 2 x 10^ MPa. 
It has been confirmed that the magnetic head member of the present invention using the non-magnetic or 
magnetic substrate having the thermal expansion coefficient of 110 - 135 x lO'^/'C has a high saturation 
flux density and a high permeability, and that the magnetic properties thereof are not deteriorated during 
the magnetic head production process, and that this magnetic head member can facilitate the bonding 
30 between the substrates, a glass molding, a gap formation etc. 

Example 4 

Targets of Fe-Ta-B and a target of Fe-Ta were used, and nitrogen gas was introduced into Ar gas, and 
35 by a reactive RF diode sputtering method, soft magnetic films (2 w.m thick), having different boron (B) 
contents (The tantalum contents of these films as well as the nitrogen contents thereof were generally the 
same) were formed respectively on water-cooled non-magnetic ceramics substrates having a thermal 
expansion coefficient of 115 x IQ-^/'C. The effect of the boron content of the films was studied. All of the 
thus prepared films were heat-treated for one hour at a temperature of 300 to 700 ' C in vacuum in a non- 
40 magnetic field. An analysis of the compositions of the prepared films indicated that their compositions were 
Fe77TaiiNi2, Fe78.5Ta11B1.5N3. Fe/sTaioBsNs. and FeBsTanBnNio (atomic %). respectively. 

The dependency of the coercivity He of these soft magnetic films on the heat treatment temperature is 
shown in Fig. 6. As will be appreciated from Fig. 6, the Fe-Ta-N film whose boron content was zero atomic 
% is deteriorated in soft magnetic properties at the heat treatment temperature of not less than about 
46 550 "C; however, the Fe-Ta-B-N films containing boron exhibit isotropic low coercivity He (excellent 
isotropic soft magnetic properties) even at tiie higher heat treatment temperature. Witii the increase of the 
boron content of tiiese films, the low coercivity He Is maintained up to tiie higher heat treatment 
temperature. The film containing 5 atomic % boron exhibits excellent soft magnetic properties even at the 
heat treatment temperature of 700 " C. 
50 Rg. 7 shows the dependency of the saturation fiux density Bs of these soft magnetic films on the heat 
treatment temperature. As will be appreciated fi-om Fig. 7, any of these films exhibit a high saturation flux 
density Bs of 1.2 to 1.6 T at high heat treatment temperatures at which good soft magnetic properties are 
exhibited. Fig. 8 shows the dependency of the saturation magnetostriction Xs of these soft magnetic films on 
the heat treatment temperature. As will be appreciated from Rg. 8. with the increase of the heat ti-eatment 
55 temperature, the Fe-Ta-N film and the Fe-Ta-B-N films decrease in saturation magnetostriction Xs. and witii 
the increase of the boron content of the films, the heat treatment temperature achieving the low 
magnetostriction shifts to the higher temperature side. 

Therefore, with respect to the F -Ta-N film, the heat treatment temperature, at which good soft 
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magnetic properties and the low magnetostriction are exhibited. Is 500 to 550 'C. On the other hand, vwth 
respect to the Fe-Ta-B-N films, good soft magnetic properties and the low magnetostriction (the saturation 
magnetostriction of not more than 1 x 10"* in terms of an absolute value) can be exhibited at higher heat 
treatment temperatures by adjusting the boron content of the film. This enables the bonding of glass at high 
6 temperatures when producing a magnetic head, and widens the range of choice of glass materials to be 
used. Therefore, glass which is required to undergo a high-temperature heat treatment, provides a sufficient 
bonding strength and has excellent wear resistance, can be used, and this enhances the reliability of the 
magnetic head. 

Next, soft magnetic films (2 um thick), containing Fe as a main component, 0 to 15 atomic % B. 0 to 15 
10 atomic % N and 5 to 16 atomic % Ta, were formed respectively on non-magnetic ceramics substrates, and 
these films were heat-treated for one hour at a temperature of 650 'C in vacuum in a non-magnetic field. 
The coercivity He of these films was measured, and part of results thereof is shown in Table 2. 
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As will be appreciated from Table 2, those films whose N content is either low or more than 15 atomic 
% exhibit a high coercivrty He of several hundreds A/m, and therefore can not be used In a magnetic head 
60 (The value of the coercivity He suitably usable in the magnetic head is not more than 80 A/m). Those films 
whose Ta content is either not more than 7 atomic % or not less than 15 atomic % exhibit a high coercivity 
He of several hundreds A/m, and therefore can be used In a magnetic head. 

With respect to those films composed of not less than 15 atomic % N, not less than 15 atomic % Ta. 
not less than 13 atomic % B and not more than 57 atomic % Fe, the saturation flux density was decreased 
65 to a level of not more than 1 T because of the reduced content of Fe. 

The boron content of not less than 0.5 atomic % in the film enables the film to exhibit good soft 
magnetic properties at the high-temperature heat treatment If the boron content of the film is not less than 
atom 13 atomic %, the heat treatment temperature at which good soft magnetic properties are exhibited 
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becomes as high as not less than 800* C. This poses a problem with the heat resistance of the substrate on 
which the film is formed, and therefore narrows the range of choice of the substrate materials to be used. 
As described above, with respect to the Fe-Ta-B-N films, when these films contain Fe as a main 
component. 0.5 to 13 atomic % B, 6 to 15 atomic % N and 7 to 15 atomic % Ta, these films exhibit good 

5 soft magnetic properties at high heat treatment temperatures. 

Rg. 9 shows an X-ray diffraction diagram of a Fe-Ta-N film composed of 77 atomic % Fe, 1 1 atomic % 
Ta and 12 atomic % N. As will be appreciated, the film, immediately after the formation thereof, is in an 
amorphous condition, and a fine crystal of a-Fe begins to precipitate at 450* C, and at 500 to 550' C at 
which good soft magnetic properties are exhibited, the film becomes a composite material composed of a 

10 fine crystalline phase in which the fine crystal of a-Fe and fine particles of the tantalum nitride (TaN) are 
mixed together. Then, at 600 'C, a non-magnetic crystalline phase resulting from the grain growth of TasNs 
appears, and the soft magnetic properties are deteriorated. 

Rg. 10 shows an X-ray diffraction diagram of a Fe-Ta-B-N film composed of 76 atomic % Fe, 10 atomic 
% Ta, 5 atomic % B and 9 atomic % N. Like the Fe-Ta-N film, this film, immediately after the formation 

IS thereof, is in an amorphous condition, and fine crystal of a-Fe begins to precipitate at 500 * C. Unlike the Fe- 
Ta-N film, this film is still composed of a fine crystalline phase even at 700 *C, and exhibits good soft 
magnetic properties. 

Rg. 1 1 shows a phase change in connection with the relationship between the boron content of films 
and a heat treatment temperature, wherein each of the Ta content and the nitrogen content was fixed (10 

20 atomic %), and part of Fe was replaced by nitrogen. As will be appreciated from Fig. 11, with the increase 
of the nitrogen content, the heat treatment temperature at which the fine crystallization begin shifts to a high 
temperature side, and also with the increase of the nitrogen content, the fine crystalline phase region 
exhibiting good soft magnetic properties stably exists even at high heat treatment temperatures. 

The structures of the films were subjected to an X-ray diffraction, and were observed by a transmitting 

26 electron microscope (TEM). As a result, it has been found that when the film is the composite material 
composed of the fine crystalline structure in which the fine crystal of a-Fe is present in mixed relationship to 
the fine particles of tantalum nitride, the fine particles of tantalum boride, or BN, the film exhibits excellent 
soft magnetic properties. 

It has also been found that when the a-Fe is one in which at least one element or compound selected 
30 from the group consisting of N (nitrogen), B (boron), BN, tiie nifi-ide of Ta and the boride of Ta is 
solutionized, and when the lattice of the fine crystal of a-Fe is expanded by 0.2 to 0.6%, the film exhibits 
excellent soft magnetic properties. The observation by TEM indicates that when the average particle size of 
tiie fine crystal of a-Fe is not more than 10 nm. and when the average particle size of the fine particles of 
tantalum niti'ide, or the fine particles of tantalum boride. or the fine particles of BN is not more than 5 nm, a 
35 further improved magnetic head output is obtained. 

Core materials, prepared by adding 0.1 to 2 atomic % Cr or Ti to the above soft magnetic film of Fe-Ta- 
N or Fe-Ta-B-N, had an excellent corrosion resistance In addition to the above properties. 

Example 5 

40 

Using the RF diode sputtering method as described above, Fe-Ta-N films were formed respectively on 
water-cooled non-magnetic ceramics (Ti-Mg-Ni-0 (oxygen)) substrates having a thermal expansion coeffi- 
cient of 1 15 X 10"^/* C. The thickness of these films was in the range of 0.2 to 15 um. The films were heat- 
treated for one hour at a temperature of 550 in vacuum in a non-magnetic field. The Fe-Ta-N soft 

45 magnetic films (3 um tiiick), composed of 76.5 atomic % Fe, 10.5 atomic % Ta and 13 atomic % N as 
described in the above Example, and insulator films of Si02 (0.2 um thick) were alternately laminated on a 
water-cooled non-magnetic ceramics substrate (having a thenmai expansion coefficient of 115 x 10~'/'C) to 
fonm a core material, and by a magnetic head heat treatment process in a non-magnetic field, a laminated- 
type head shown in Fig. 12 was prepared. In Fig. 12, numerals 1 denote soft magnetic films of an Fe-Ta-N 

50 system alloy or an Fe-Ta-B-N system alloy, 2 an insulator film, 3 non-magnetic substrates or magnetic 
substrates (for example, fenite material) and 4 a non-magnetic material (for example, glass). The magnetic 
head tiius prepared had a brack width of 11 um. a gap length of 0^3 um, a gap depth of 22 um, and tiie 
number of turn of a coil was 20. With respect to the measurement of the output of the head, an endless 
head tester and a drum tester were used, and an MP tape having a coercrvrty of 1 19400 A/m was used, and 

55 setf-recording/reproducing characteristics at relative speeds of 7 m/sec and 21 m/sec were measured. Rgs. 
13 and 14 show frequency characteristics of the head output standardized by the track width and the 
number of the coil turn when recorded at the optimum recording current at various frequencies. The relative 
speed in Rg. 13 is 7 m/sec, and the relative speed in Rg. 14 is 21 m/sec. For comparison purposes, each 
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of Figs. 13 and 14 also shows frequency characteristics of a standardized head output of a laminated-type 
head which was prepared to have the same shape and used Co-Nb-Ta-Zr amorphous films as soft magnetic 
films. As will be appreciated from Figs. 13 and 14, the laminated-type head, using the core material form d 
by altemately laminating the Fe-Ta-N system soft magnetic films and the insulation films of SiOa, exhibited 

5 higher output characteristics at long wavelengths than the comparative laminated-type head using the core 
material formed by altemately laminating the Co-Nb-Ta-2r amorphous films and insulator films of S\Oz, and 
also exhibited, at short wavelengths, good characteristics generally equal to those of the comparative 
laminated-type head. In this Example, although the self-recording/reproducing characteristics, obtained with 
respect to the commercially-available MP tape having a coercivity of 119400 A/m. have been described, the 

70 magnetic head of the present invention can exhibit more excellent self-recording/reproducing characteristics 
with respect to media having a higher coercivity, thereby achieving a high-density recording. 

In this Example, although explanation has t>een made of the laminate-type magnetic head in which the 
magnetic circuit is constituted by the core material formed by alternately laminating the 3 um-thick Fe-Ta-N 
system soft magnetic films and the 0.2 um-thick SiOz insulator films, similar effects were achieved when 

75 the thickness of the Fe-Ta-N system soft magnetic films of the core material was 1 to 10 um, and the 
thickness of the insulator film was 0.05 to 0.5 urn. 

In this Example, although explanation has been made of the Fe-Ta-N soft magnetic film composed of 
76.5 atomic % Fe, 10.5 atomic % Ta and 13 atomic % N, similar effects were achieved with respect to Fe- 
Ta-N system soft magnetic films containing Fe as a main component, 5 to 17 atomic % N and 7 to 15 

20 atomic % Ta. 

Also, similar effects were achieved with respect to Fe-Ta-B-N system soft magnetic films containing Fe 
as a main component, 6 to 15 atomic % N, 7 to 15 atomic % Ta and 0.5 to 13 atomic % B, and these films 
achieved good soft magnetic properties (high saturation flux density and small magnetostriction) at higher 
heat treatment temperatures as compared with the Fe-Ta-N system soft magnetic films. Therefore, when 
25 producing the magnetic head, glass bonding can be done at higher temperature, and the range of choice of 
glass is widened. Therefore, the glass which is required to a high-temperature heat treatment and can 
provide a sufficient strength and an excellent wear resistance can be used, which enhances the reliability of 
the magnetic head. 

In this Example, although the core material was produced using the RF diode sputtering method, the 
30 method of producing the core material of the present invention is not limited to the RF diode sputtering 
method, and similar effects were achieved by a diode or a triode magnetron method (using direct current or 
high frequency) and a bias sputtering method, in so far as a substrate 5 and a target 6 are disposed in 
parallel opposed relationship as shown in Rg. 15A . However, by targets facing sputtering method (Fig. 
158), in which targets are not disposed parallel to substrates, and an ion beam sputtering method (Fig. 
35 15C), atoms, ejected from the target to be incident obliquely on the substrate, deposited on the substrate, 
and therefore the anisotropy developed in the permeability of the produced film. As a result, magnetic 
heads of the above laminated-type, produced using a core material made of the films formed by the these 
method, did not achieve good output characteristics. 

40 Claims 

1. A magnetic head comprising a core material having Fe-Ta-N system soft magnetic films and insulator 
films which are alternately laminated, said core material constituting a magnetic circuit, and each of 
said soft magnetic films containing Fe as a main component, 5 to 17 atomic % N and 7 to 15 atomic % 

45 Ta. 

2. A magnetic head comprising a core material having Fe-Ta-N system soft magnetic films and insulator 
films which are alternately laminated on a first non-magnetic substrate, said core material constituting a 
magnetic circuit, said core material being interposed between said first substrate and a second non- 
50 magnetic substrate, and each of said soft magnetic tilms containing Fe as a main component, 5 to 17 

atomic % N and 7 to 15 atomic % Ta. 

3. A magnetic head comprising a cor material having Fe-Ta-B-N system soft magnetic films and Insulator 
films which are alternately laminated, said core material constituting a magnetic circuit, and each of 

65 said soft magnetic films containing Fe as a main component, 6 to 15 atomic % N, 7 to 15% Ta and 0.5 
to 13 atomic % B. 

4. A magnetic head comprising a core material having Fe-Ta-B-N system soft magnetic films and insulator 
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films which are alternately laminated on a first non-magnetic substrate, said core material constituting a 
magnetic circuit, said core material being interposed between said first substrate and a second non- 
magnetic substrate, and each of said soft magnetic films containing Fe as a main component. 6 to 15 
atomic % N, 7 to 15 atomic % Ta and 0.5 to 13 atomic % B. 

5 

5. A magnetic head comprising a core material having Fe-Ta-N system soft magnetic films and insulator 
films which are alternately laminated, said core material constituting a magnetic circuit, each of said 
soft magnetic films being composed of a material having a fine structure in which a fine crystal of a-Fe 
and fine particles of tantalum nitride are mixed together, said fine crystal of o-Fe being one in which at 
10 least one element or a compound selected from the group consisting of Ta, N and tantalum nitride is 
solutionized, and thereby the crystal lattice of a-Fe being expanded, the average particle size of said 
fine crystals of a-Fe being not more than 10 nm. and the average particle size of said fine particles of 
tantalum nitride being not more than 5 nm. 

15 6. A magnetic head comprising a core material having Fe-Ta-B-N system soft magnetic films and insulator 
films which are alternately laminated, said core material constituting a magnetic circuit, each of said 
soft magnetic films being composed of a material having a fine structure in which a fine crystal of a-Fe 
as well as fine particles of tantalum nitiide or fine particles of tantalum bon6e are mixed together, said 
fine crystal of o-Fe being one in which at least one element or a compound selected from the group 

20 consisting of Ta, N, B, tantalum nitride and tantalum boride is solutionized, and thereby tiie crystal 
lattice of a-Fe being expanded, the average particle size of said fine crystals of a-Fe being not more 
than 10 nm, and the average particle size of said fine particles of tantalum nitride or said fine particles 
of tantalum boride being not more than 5 nm. 

25 7. A magnetic head comprising a core material having soft magnetic films and insulative films which are 
alternately laminated, each of said soft magnetic films being a Fe-Ta-N system film or a Fe-Ta-B-N 
system filrn, said core material constituting a magnetic circuit, each of said soft magnetic films having a 
thickness of 1 to 10 um, each of said insulator films having a thickness of 0.05 to 0.5 urn. each of said 
soft magnetic films being formed on a substrate by a sputtering process of the type in which a target 

30 and said substrate are disposed in parallel opposed relationship to each other, and a heat treatment 
during a magnetic head production process t>eing carried out in a non-magnetic field. 

8. A magnetic head comprising a core material having soft magnetic films and insulator films which are 
alternately laminated, each of said soft magnetic films being a Fe-Ta-N system film or a Fe-Ta-B-N 
35 . system film, said core material constituting a magnetic circuit, and a substi'ate for said core material 
being magnetic or non-magnetic and having a tiiermal expansion coefficient of from 110 x 10"^/ 'C to 
135 X 10-7/' C. 
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FIG. 14 
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